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(57) Abstract: The present invention relates to an automotive headliner, and more particularly to a multilayer automotive headliner, 
which is manufactured by blending at least one thermoplastic fiber, a sheath-core bicomponent fiber composed of a core component 
and a sheath component having a melting point and properties different from those of the core component, and at least one func- 
tional thermoplastic organic fiber and natural fiber with each other at various blending ratios, and forming the fiber blends into a 
multilayer structure. The inventive automotive headliner is a thermoplastic organic fiber- re in forced composite material reinforced 
with functional thermoplastic organic fiber or natural fiber at a suitable ratio and having a two-layer, three-layer or five-layer molded 
structure, and thus has effects of excellent sound absorption, thermal insulation, impact resistance, moldability and durability. Also, 
it is a multilayer lightweight automotive headliner which is eco- friendly and recyclable because it contains pure thermoplastic or- 
ganic fiber and natural fiber without using thermosetting adhesives, polyurethane foams and inorganic reinforcing fibers, such as 
glass fiber, carbon fiber and boron fiber, as used in the prior automotive headliner. 
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Description 

THE MEMBER FOR HEADLINER ON MOTOR VEHICLES OF 

MULTILAYER STRUCTURE 
Technical Field 

[1] The present invention relates to an automotive headliner, and more particularly to a 

multilayer automotive headliner, which is manufactured by blending at least one ther- 
moplastic fiber, a sheath-core bicomponent fiber composed of a core component and a 
sheath component having a melting point and properties different from those of the 
core component, and at least one functional thermoplastic organic fiber or natural fiber 
with each other at various blending ratios, and forming the fiber blends into a 
multilayer structure. The inventive automotive headliner is superior to automotive 
headliners according to the prior art with respect to properties such as sound absorption 
and thermal insulation, has excellent impact absorption and elastic properties through 
the use of an expanded material having a weight of 900-1500 g/m ? and a thickness of 
4-8 mm, comprises layers bonded to each other using a difference in melting points 
without using any adhesive harmful to the human body, and has advantageous effects 
in terms of the improvement of the working environment and the maintenance of 
human health, because it contains eco-friendly and recyclable thermoplastic organic 
fiber or natural fiber in place of prior components harmful to the human body, such as 
thermosetting material and glass fiber. 
Background Art 

[2] In general, an automotive headliner is attached to the interior ceiling of an 

automobile in order to absorb noise from the outside and to improve the thermal 
insulation of the automobile. Generally, thermoplastic organic fibers, such as 
polypropylene, polyethylene, PA and PET, have low glass transition temperature and 
thermal resistance, which impose limitations in using these fibers alone in the field of 
automotive interior parts, particularly automotive headliners. To overcome these 
shortcomings, a method mainly comprising the addition of glass fiber, thermosetting 
resin or inorganic material is used. Thus, the prior automotive headliners have a three- 
layer structure consisting of an outer material composed of a nonwoven polyester 
sheet, a PVC sheet, or the like, a cushion material composed of polypropylene, 
polyurethane or polyethylene foam, and abase material composed of resin felt, glass 
wool, paper board, etc. 

[3] One of these prior automotive headliners is a product comprising a combination of 

polyurethane foam and glass mat or a sandwich structure of polypropylene (PP) sheet/ 
polypropylene foam sheet. However, among the above prior automotive headliners, the 
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headliner containing polyurethane foam has good sound absorption properties, but is 
disadvantageous in that it has poor weather resistance, which causes a reduction in 
durability, such as discoloration or foam cell breakdown, upon long-term use. Also, it 
has an environmental problem caused by the use of glass fiber and a problem of non- 
recyclability. 

[4] Meanwhile, automobile headliner manufacturers apply an irradiation-crosslinked 

PP foam sheet having good tactile sensation, moldability and impact absorption for 
panel layers in order to develop and adopt products that satisfy an expansion ratio of 
20, a thickness of 5 mm, a thermal resistance of more than 1 10 °C, rigidity, di- 
mensional stability, etc. Particularly, an EVA hot melt film, which is inexpensive and 
allows various processes to be easily conducted, was mainly applied in the adhesive 
lamination of each material, but a PP-based material, which has good interfacial 
adhesion, thermal resistance and process applicability and can maximize recyclability 
because it contains components similar to a main material, has also been used. There is 
also an effort to form a cushion layer having the same material as that of a panel layer 
using an irradiation-crosslinked polypropylene sheet so as to make recycling easy. 

[5] Also, the material of the outer layer is selected in consideration of physical 

properties, such as flame retardancy and thermal resistance, and visual properties, such 
as gloss or color. A nonwoven PP fabric having excellent recyclability is somewhat in- 
sufficient in light resistance (light fastness), and outer layer materials of TPO sheet 
series need be improved because they have insufficient surface scratch resistance. 

[6] In addition, the prior automobile headliner having this structure is difficult to 

recycle due to the use of an adhesive to achieve the bonding between different 
materials. Other problems include increased weight, caused by the lamination of 
different materials, and the generation of an offensive odor, dust, and noise during 
production thereof, caused by the use of a material containing hazardous components 
and the use of thermosetting resins. 
Disclosure of Invention 
Technical Problem 

[7] Accordingly, the present invention has been made to solve the above-described 

problems occurring in the prior art, and it is an object of the present invention to 
provide a low-density, lightweight, multilayer structure for automotive headliners, 
which shows the same thermal resistance, impact resistance, sound absorption and 
thermal insulation properties as the prior automotive headliner and, at the same time, 
has improved properties, such as noise absorption and thermal insulation properties, 
compared to the prior automotive headliner, through the use of a functional ther- 
moplastic organic fiber having excellent thermal resistance and expansion properties, 
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and advantageous effects in terms of the improvement of the working environment and 
the maintenance of human health, because it contains eco-friendly and recyclable ther- 
moplastic organic fiber or natural fiber in place of prior thermosetting material and 
inorganic fiber. 

Technical Solution 

[8] To achieve the above object, according to one aspect of the present invention, there 

is provided a multilayer automotive headliner comprising: a core layer 2 integrally 
made of a blend of 40-60 wt% sheath-core bicomponent fiber, composed of a high- 
melting-point core component and a low-melting-point sheath component, with 40-60 
wt% functional thermoplastic organic fiber or natural fiber; and an outer layer 1 or 1-1 
adhered to at least one surface of the core layer 2 and integrally made of either sheath- 
core bicomponent fiber alone or a blend of 70-90 wt% sheath-core bicomponent fiber 
with 10-30 wt% functional thermoplastic organic fiber or natural fiber. 

[9] According to another aspect of the present invention, there is provided a multilayer 

automotive headliner comprising: a core layer 2 integrally made of a blend of 40-60 
wt% sheath-core bicomponent fiber, composed of a high-melting-point core 
component and a low-melting-point sheath component, with 40-60 wt% functional 
thermoplastic organic fiber or natural fiber; and a scrim layer 6 or 6-1 adhered to at 
least one surface and made of a polyester (PET) spunbonded scrim 6 or 6-1 having a 
weight of 20-80 g/m 2 . 

[10] According to still another aspect of the present invention, there is provided a 

multilayer automotive headliner comprising: a core layer 20 integrally made of a blend 
of 60-80 wt% sheath-core bicomponent fiber, composed of a high-melting-point core 
component and a low-melting-point sheath component, with 20-40 wt% functional 
thermoplastic organic fiber or natural fiber; and an outer layer 10 or 10-1 adhered to at 
least one surface of the core layer 20 and integrally made of a blend of 50-60 wt% 
sheath-core bicomponent fiber and 40-50 wt% functional organic fiber or natural fiber. 

[11] According to still another aspect of the present invention, there is provided a 

multilayer automotive headliner comprising: a core layer 20 integrally made of a blend 
of 60-80 wt% sheath-core bicomponent fiber, composed of a high-melting-point core 
component and a low-melting-point sheath component, with 20-40 wt% functional 
thermoplastic organic fiber or natural fiber; and a scrim layer 6 or 6- 1 adhered to at 
least one surface and integrally made of a polyester(PET) spunbonded scrim having a 
weight of 20-80 g/m 2 . 

[12] According to still another aspect of the present invention, there is provided a 

multilayer automotive headliner comprising: an intermediate core layer 5 integrally 
made of a blend of 40-60 wt% sheath-core bicomponent fiber, composed of a high- 
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melting-point core component and a low-melting-point sheath component, with 40-60 
wt% functional thermoplastic organic fiber or natural fiber; an upper core layer 4 and 
lower core layer 4-1 adhered to both surfaces of the intermediate core layer 5, re- 
spectively, and each integrally made of a blend of 60-70 wt% sheath-core bicomponent 
fiber with 30-40 wt% functional thermoplastic organic fiber or natural fiber; and outer 
layers 3 and 3-1 which are adhered to the surfaces of the upper core layer 4 and the 
lower core layer 4-1, respectively, other than the surfaces adhered to both surfaces of 
the intermediate core layer 5, and which are each integrally made of either the sheath- 
core fiber alone or a blend of 70-90 wt% sheath-core bicomponent fiber with 10-30 
wt% functional thermoplastic fiber or natural fiber. 
[13] According to still another aspect of the present invention, there is provided a 

multilayer automotive headliner comprising: a core layer 2 integrally made of a blend 
of 40-60 wt% sheath-core bicomponent fiber, composed of a high-melting-point core 
component and a low-melting-point sheath component, with 40-60 wt% functional 
thermoplastic organic fiber or natural fiber; outer layers 1 or 1-1 adhered to both 
surfaces of the core layer 2, respectively, and each integrally made of either sheath- 
core bicomponent fiber alone or a blend of 70-90 wt% sheath-core bicomponent fiber 
with 10-30 wt% functional thermoplastic organic fiber or natural fiber; and scrim 
layers 7 and 7-1 which are adhered to the surfaces of the outer layers 1 and 1-1, re- 
spectively, other than the surfaces adhered to both surfaces of the core layer 2, and 
which are each integrally made of a polyester(PET) spunbonded scrim having a weight 
of 20-80 g/cm 2 . 

[14] According to still another aspect of the present invention, there is provided a 

multilayer automotive headliner comprising: an intermediate core layer 50 integrally 
made of a blend of 60-80 wt% sheath-core bicomponent fiber, composed of a high- 
melting-point core component and a low-melting-point sheath component, with 20-40 
wt% functional thermoplastic organic fiber or natural fiber; an upper core layer 40 and 
lower core layer 40-1 adhered to both surfaces of the intermediate core layer 50, re- 
spectively, and each integrally made of 60-70 wt% sheath-core bicomponent fiber and 
30-40 wt% natural fiber; and outer layers 30 and 30-1 which are adhered to the 
surfaces of the upper core layer 40 and the lower core layer 40-1, respectively, other 
than the surfaces adhered to both surfaces of the intermediate core layer 50, and which 
are each integrally made of a blend of 50-60 wt% sheath-core bicomponent fiber with 
40-50 wt% functional thermoplastic fiber or natural fiber. 

[15] According to yet still another aspect of the present invention, there is provided a 

multilayer automotive headliner comprising: a core layer 20 integrally made of a blend 
of 60-80 wt% sheath-core bicomponent fiber, composed of a high-melting-point core 
component and a low-melting-point sheath component, with 20-40 wt% functional 
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thermoplastic organic fiber or natural fiber; outer layers 10 and 10-1 adhered to both 
surfaces of the core layer 20 and each integrally made of a blend of 50-60 wt% sheath- 
core bicomponent fiber with 40-50 wt% functional organic fiber or natural fiber; and 
scrim layers 70 and 70-1 which are adhered to the surfaces of the outer layers 10 and 
10-1, respectively, other than the surfaces adhered to both surfaces of the core layer 20, 
and are each integrally made of a polyester(PET) spunbonded scrim having a weight of 
20-80 g/cm 2 . 

[16] Preferably, the sheath-core bicomponent fiber is composed of 50-70 vol% of a high- 

melting-point core component and 30-50 vol% of a low-melting-point sheath 
component, and is any one selected from the group consisting of a bicomponent fiber 
composed of low-melting-point polyester copolymer (CoPET) as the sheath 
component and low-melting-point polyester as the core component, a bicomponent 
fiber composed of low-melting-point polyester glycol as the sheath component and 
high-melting-point polyester as the core component, a bicomponent fiber composed of 
high-density polyethylene as the sheath component and polyester as the core 
component, a bicomponent fiber composed of high-density polyethylene as the sheath 
component and polypropylene as the core component, and a bicomponent fiber 
composed of polypropylene as the sheath component and polyester as the core 
component. 

[17] More preferably, the sheath component has a melting point of 1 10-180 °C, and the 

core component has a melting point of 240-270 °C. Accordingly, upon the manufacture 
of the composite material sheet using pressing at high temperature, the sheath 
component is melted and bonded with the functional thermoplastic organic fiber or 
natural fiber used as the reinforcing fiber, thus forming a three-dimensional mi- 
croporous network structure. 

[18] Preferably, the functional thermoplastic fiber which is used as the reinforcing fiber 

is any one selected from the group consisting of conjugate polyester, conjugate hollow 
polyester, hollow polyester, and double-crimped fiber. 

[19] Preferably, the natural fiber which is used as the reinforcing fiber is any one 

selected from the group consisting of hemp, jute, flax, kenaf, abaca and banana fibers. 

[20] Hereinafter, the present invention will be described in detail. 

[21] The present invention relates to a multilayer automotive headliner, which is man- 

ufactured by blending at least one thermoplastic fiber, a sheath-core bicomponent fiber 
composed of a core component and a sheath component having a melting point and 
properties different from those of the core component, and at least one functional ther- 
moplastic fiber or natural fiber with each other at various ratios, and forming the fiber 
blends into a two-layer, three-layer or five-layer structure. The present invention is 
characterized by providing an eco-friendly material for automotive interior parts, 
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which overcomes the limitation of thermoplastic organic fibers in use for automotive 
interior parts, caused by their low thermal resistance, through the design of a bulky 
multilayer structure comprising functional thermoplastic organic fiber, such as 
conjugate polyester fiber, conjugate hollow polyester fiber, hollow polyester fiber, 
double-crimped fiber, or modified cross-section fiber, and has lightweight, improved 
durability and recyclable properties due to the use of polyester fiber alone or in 
combination with natural fiber. Also, the present invention is characterized by 
providing a lightweight and eco-friendly material for automotive interior parts, which 
has properties equal to those of said material by using, as a reinforcing fiber, natural 
fiber such as hemp, jute, flax, abaca, kenaf or banana in place of prior glass fiber or 
carbon fiber. In addition, the present invention is characterized by developing a 
material that satisfies a sag test essential for evaluating whether products containing 
functional polyester fibers as base fiber and reinforcing fiber, and products containing 
natural fiber as reinforcing fiber, can be used for automotive headliners, and that 
satisfies physical properties. 

[22] The sheath-core composite fiber serves as a base material, and the functional ther- 

moplastic organic fiber or natural fiber serves as a reinforcing material. Depending on 
the ratio between these fibers, the properties of each of the layers will vary, and the de- 
termination of this ratio can be achieved through the following two methods. 

[23] The first method is a method of designing a bulky structure, in which the content of 

a base fiber in an outer layer is 70-100 wt% in terms of the adhesion of the outer layer 
to a finishing material, and the content of the base material in core layers is 40-60 wt% 
in order to form highly porous layers. This is characterized by increasing the ratio of 
the base material in the outer layer in order to maintain a smooth and uniform surface, 
and increasing the ratio of the reinforcing fiber in the core layer in order to maintain 
the strength and bulky porous network structure of the sheet material. This content de- 
termination aims to make the surface of the outer layer fine and smooth, imparting 
water absorption resistance, thermal insulation and sound shielding effects thereto 
while increasing adhesion to a nonwoven fabric for finishing, and to increase the ratio 
of the reinforcing fiber in the core layer so as to maintain the strength of the core layer 
and form bulky or numerous pores, imparting thermal insulation and sound absorption 
effects while maintaining excellent impact absorption properties. 

[24] To achieve the above objects, the present invention provides a multilayer 

automotive headliner comprising: a core layer 2 integrally made of a blend of 40-60 
wt% sheath-core bicomponent fiber, composed of a high-melting-point core 
component and a low-melting-point sheath component, with 40-60 wt% functional 
thermoplastic organic fiber or natural fiber; and an outer layer 1 or 1-1 adhered to at 
least one surface of the core layer 2 and integrally made of either sheath-core bi- 
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component fiber alone or a blend of 70-90 wt% sheath-core bicomponent fiber with 
10-30 wt% functional thermoplastic organic fiber or natural fiber (see FIGS. 1 and 5). 
Also, the present invention provides a multilayer automotive headliner comprising: an 
intermediate core layer 5 integrally made of a blend of 40-60 wt% sheath-core bi- 
component fiber, composed of a high-melting-point core component and a low- 
melting-point sheath component, with 40-60 wt% functional thermoplastic organic 
fiber or natural fiber; an upper core layer 4 and lower core layer 4-1 adhered to both 
surfaces of the intermediate core layer, respectively, and each integrally made of a 
blend of 60-70 wt% sheath-core bicomponent fiber with 30-40 wt% functional ther- 
moplastic organic fiber or natural fiber; and outer layers 3 and 3-1 which are adhered 
to the surfaces of the upper core layer 5 and the lower core layer 4-1, respectively, 
other than the surfaces adhered to both surfaces of the intermediate core layer 5, and 
are each integrally made of either the sheath-core fiber alone or a blend of 70-90 wt% 
sheath-core bicomponent fiber with 10-30 wt% functional thermoplastic fiber or 
natural fiber (see FIG. 9). 

[25] Also, to achieve the above objects, the present invention provides a multilayer 

automotive headliner comprising: a core layer 2 integrally made of a blend of 40-60 
wt% sheath-core bicomponent fiber, composed of a high-melting-point core 
component and a low-melting-point sheath component, with 40-60 wt% functional 
thermoplastic organic fiber or natural fiber; and a scrim layer 6 or 6-1 adhered to at 
least one surface and made of a polyester (PET) spunbonded scrim 6 or 6-1 having a 
weight of 20-80 g/m 2 (see FIGS. 3 and 7). Also, the present invention provides a 
multilayer automotive headliner comprising: a core layer 2 integrally made of a blend 
of 40-60 wt% sheath-core bicomponent fiber composed of a high-melting-point core 
component and a low-melting-point sheath component with 40-60 wt% functional ther- 
moplastic organic fiber or natural fiber; outer layers 1 or 1-1 adhered to both surfaces 
of the core layer 2, respectively, and each integrally made of either sheath-core bi- 
component fiber alone or a blend of 70-90 wt% sheath-core bicomponent fiber with 
10-30 wt% functional thermoplastic organic fiber or natural fiber; and scrim layers 7 
and 7-1 which are adhered to the surfaces of the outer layers 1 and 1-1, respectively, 
other than the surfaces adhered to both surfaces of the core layer 2, and are each 
integrally made of a polyester spunbonded scrim having a weight of 20-80 g/cm 2 (see 
FIG. 11). The above multilayer automotive headliners are shown in FIGS. 1, 3, 5, 7, 9 
and 11, respectively, which are cross-sectional views showing two-layer, three-layer 
and five-layer materials for automotive headliners. 

[26] The second method is a method of further increasing the mechanical properties of 

an automotive headliner and of setting the content of the base fiber in the outer layer to 
be 50-60 wt% and the content of the base fiber in the core layer to be 60-80 wt%. 



When the content of the base fiber in the outer layer is set too high, as in the first 
method, a coating layer will be slowly formed on the outer layer by external heat in the 
manufacture of the automotive headliner using the nonwoven fabric comprising the 
outer layer and the core layer, so as to slow the transfer of heat to the core layer and 
prevent rapid melt bonding of the core layer, thus providing an automotive headliner 
having a low-density, bulky, porous network structure, which is used in applications 
requiring excellent impact absorption and thermal insulation. On the other hand, when 
the ratio of the base fiber in the outer layer is decreased and the ratio of the base fiber 
in the core layer is increased, the transfer of heat to the core layer will be more actively 
made, forming more fine pores in the core layer while increasing the mechanical 
properties of the automotive headliner. 

[27] To achieve the above objects, the present invention provides a multilayer 

automotive headliner comprising: a core layer 20 integrally made of a blend of 60-80 
wt% sheath-core bicomponent fiber, composed of a high-melting-point core 
component and a low-melting-point sheath component, with 20-40 wt% functional 
thermoplastic organic fiber or natural fiber; and an outer layer 10 or 10-1 adhered to at 
least one surface of the core layer 20 and integrally made of a blend of 50-60 wt% 
sheath-core bicomponent fiber and 40-50 wt% functional organic fiber or natural fiber 
(see FIGS. 2 and 6). Also, the present invention provides a multilayer automotive 
headliner comprising: an intermediate core layer 50 integrally made of a blend of 
60-80 wt% sheath-core bicomponent fiber, composed of a high-melting-point core 
component and a low-melting-point sheath component, with 20-40 wt% functional 
thermoplastic organic fiber or natural fiber; an upper core layer 40 and lower core layer 
40-1 adhered to both surfaces of the intermediate core layer 50, respectively, and each 
integrally made of 60-70 wt% sheath-core bicomponent fiber and 30-40 wt% natural 
fiber; and outer layers 30 and 30-1 which are adhered to the surfaces of the upper core 
layer 40 and the lower core layer 40-1, respectively, other than the surfaces adhered to 
both surfaces of the intermediate core layer 50, and are each integrally made of a blend 
of 50-60 wt% sheath-core bicomponent fiber with 40-50 wt% functional thermoplastic 
fiber or natural fiber (see FIG. 10). 

[28] Also, to achieve the above objects, the present invention provides a multilayer 

automotive headliner comprising: a core layer 20 integrally made of a blend of 60-80 
wt% sheath-core bicomponent fiber, composed of a high-melting-point core 
component and a low-melting-point sheath component, with 20-40 wt% functional 
thermoplastic organic fiber or natural fiber; and a scrim layer 6 or 6-1 adhered to at 
least one surface and integrally made of a polyester(PET) spunbonded scrim having a 
weight of 20-80 g/m 2 (see FIGS. 4 and 8). Also, the present invention provides a 
multilayer automotive headliner comprising: a core layer 20 integrally made of a blend 
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of 60-80 wt% sheath-core bicomponent fiber composed of a high-melting-point core 
component and a low-melting-point sheath component with 20-40 wt% functional ther- 
moplastic organic fiber or natural fiber; outer layers 10 and 10-1 adhered to both 
surfaces of the core layer 20 and each integrally made of a blend of 50-60 wt% sheath- 
core bicomponent fiber with 40-50 wt% functional organic fiber or natural fiber; and 
scrim layers 70 and 70-1 which are adhered to the surfaces of the outer layers 10 and 
10-1, respectively, other than the surfaces adhered to both surfaces of the core layer 20, 
and are each integrally made of a polyester(PET) spunbonded scrim having a weight of 
20-80 g/cm 2 (see FIG. 12). These multilayer automotive headliners are shown in FIGS. 
2,4, 6, 8, 10 and 12, respectively, which are cross-sectional views showing two-layer, 
three-layer and five-layer materials for automotive headliners. 

[29] The sheath-core bicomponent fiber which is used as the base fiber is characterized 

in that it is composed of about 30-50 vol% of a sheath component having a melting 
point of 1 10-180 °C and about 50-70 vol% of a core component having a melting point 
of 240-270 °C, and thus serves as both a binder and a reinforcing material. Ac- 
cordingly, due to the application of a temperature of 180-230 °C upon the manufacture 
of the composite sheet, only the sheath component of the base fiber is slowly melted to 
form a three-dimensional network structure by bonding with the reinforcing fiber, and 
the core component of the base fiber has a characteristic of being capable of preventing 
degradation in physical properties, due to the partial heat shielding effect of the sheath 
component, so that it can serve as a reinforcing fiber. 

[30] This sheath-core bicomponent fiber may be any one selected from the group 

consisting of a bicomponent fiber composed of low-melting-point polyester copolymer 
(CoPET) as the sheath component and low-melting-point polyester as the core 
component, a bicomponent fiber composed of low-melting-point polyester glycol as 
the sheath component and high-melting-point polyester as the core component, a bi- 
component fiber composed of high-density polyethylene as the sheath component and 
polyester as the core component, a bicomponent fiber composed of high-density 
polyethylene as the sheath component and polypropylene as the core component, and a 
bicomponent fiber composed of polypropylene as the sheath component and polyester 
as the core component. 

[31] The functional thermoplastic organic fiber which is used as the reinforcing fiber 

may be any one selected from the group consisting of conjugate polyester (PET), 
conjugate hollow polyester (PET) fiber, hollow polyester (PET) fiber, double-crimped 
PET fiber, and modified cross-section polyester fiber. Also, the natural fiber which is 
used as the reinforcing fiber may be any one selected from the group consisting of 
hemp, jute, flax, kenaf, abaca and banana fibers. 

[32] The functional thermoplastic organic fiber or natural fiber is selected to minimize 
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the change in the physical properties of fibers, caused by high temperature upon 
formation into a sheet by thermal bonding, and to increase the porosity and expansion 
properties of the sheet. 

[33] The conjugate polyester (PET) fiber is a fiber having a self-crimping property for 

bulkiness and expandability, the fiber being prepared by combining two kinds of ther- 
moplastic components having different viscosities in a side-by-side manner, spinning 
the combined resins, and elongating the spun material, such that it is self-crimped by 
the difference in viscosity between the two components. 

[34] The conjugate hollow polyester fiber has a self-crimping property imparted by 

thermal elongation, and thus has excellent resistance to external heat applied upon the 
manufacturing of the composite sheet and can prevent a change in physical properties 
thereof at processing temperature due to the heat dispersion effect that owes to its 
hollowness. 

[35] Also, the double-crimped PET fiber is characterized in that it is obtained by double 

crimping a general thermoplastic fiber having a size of 50-80 mm, such as a 
polyamide, polypropylene or polyester staple fiber, to make the product bulky. 

[36] A method for manufacturing the automotive headliner according to the present 

invention comprises: a fiber opening and blending step of opening and uniformly 
blending base fiber and reinforcing fiber according to the desired characteristics of 
layers; a carding step of passing the opened and blended fibers through a cylindrical 
carding machine to form thin fibrous webs; a doubling step of stacking the thin fibrous 
webs on each other according to the weight of a desired product so as to form a 
multilayer structure; and a step of bonding the layers of the multilayer structure to each 
other by needle punching to make nonwoven fabrics, having various compositions and 
weights according to the intended use. 

[37] Methods for making the multilayer nonwoven fabric can be classified into a 

continuous process and a batch process. The continuous process uses 3-5 carding 
machines and comprises supplying both outer layers through the first and third carding 
machines and a core layer through the second carding machine to one line, combining 
the supplied layers with each other, and bonding the combined layers to each other by 
needle punching to form a multilayer nonwoven fabric. The batch process comprises 
preparing each of outer layers and core layers using one carding machine, combining 
the layers with each other to form a multilayer structure according to the intended use, 
and bonding the layers of the multilayer structure to each other using a needle- 
punching machine. 

[38] According to the present invention, the multilayer composite nonwoven fabric 

produced in the nonwoven fabric-producing step is fed into a continuous composite 
sheet manufacturing apparatus. This apparatus is disclosed in International Patent Ap- 
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plication No. PCT7KR02/00658, entitled "method and apparatus for manufacturing a 
composite material having improved performance", and is characterized in that it 
allows free control of density, strength and thickness according to the intended use, 
through continuous process units consisting of a preheating unit, a thermal bonding 
unit, a pressing unit, an expanding unit, a cooling unit and a cutting unit. The man- 
ufactured composite sheet is manufactured into products using a molding machine for 
automotive headliners. Moreover, the multilayer composite nonwoven fabric may also 
be manufactured into products through a process consisting only of a preheating step, a 
molding step and a cooling step, without using a composite sheet making process. 
Advantageous Effects 

[39] As described above, the present invention provides the multilayer automotive 

headliner which shows the same thermal resistance, impact resistance, sound 
absorption and thermal insulation properties as the prior automotive headliners and, at 
the same time, has improved properties, such as durability, noise absorption and 
thermal insulation properties, through the use of the functional thermoplastic organic 
fiber or natural fiber having excellent thermal resistance and expandability, and has the 
effects of excellent moldability, thermal insulation, impact absorption properties, and 
the like, because the thermoplastic organic fiber itself has a bulky multicomposite 
structure of 4-8 mm and high porosity. 

[40] Also, the automotive headliner according to the present invention improves the 

lightweight and durable properties of automobiles and, at the same time, is eco- 
friendly, through the use of pure polyester fiber in place of the prior thermosetting 
material and inorganic fiber and the use of the sheath-core bicomponent fiber 
consisting of core and sheath components having different melting points without the 
use of a non-recyclable adhesive upon the molding of the headliner using the 
composite sheet, and has advantageous effects in terms of the improvement of the 
working environment and the maintenance of human health, because it contains eco- 
friendly and recyclable materials. 

Brief Description of the Drawings 



[41] FIGS. 1, 2, 3 and 4 are cross-sectional views of two-layer automotive headliners 

according to the present invention. 
[42] FIGS. 5, 6, 7 and 8 are cross-sectional views of three-layer automotive headliners 

according to the present invention. 
[43] FIGS. 9, 10, 1 1 and 12 are cross-sectional views of five-layer automotive headliners 

according to the present invention. 
[44] <Description of reference numerals on drawings> 

[45] l, 1-1, 10, 10-1, 3, 3-1, 30 and 30-1 : outer layers 
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[46] 2 and 20 : core layers 

[47] 4 or 40 : upper core layers 

[48] 4-1, 40-1 : lower core layers 

[49] 6, 6-1, 60, 60-1, 7, 7-1, 70 and 70-1 : scrim layers 

Best Mode for Carrying Out the Invention 
[50] The performance of the automotive headliner having the above construction is 

verified through the following performance test. 
[51] Example a 1 

[52] This Example relates to an automotive headliner having a three-layer structure 

consisting of a core layer and outer layers. The outer layers were each made of sheath- 
core bicomponent fiber (CoPET/PET; LM; commercially available from Huvis 
Corporation) as a base fiber and conjugate hollow PET fiber (CH-PET) (commercially 
available from Huvis Corporation) as a reinforcing fiber, and the core layer was made 
of sheath-core bicomponent fiber (CoPET/PET; LM; commercially available from 
Huvis Corporation) as a base fiber and conjugate hollow PET (CH-PET) fiber 
(commercially available from Huvis Corporation) as a reinforcing fiber. The outer 
layers and the core layer were bonded to each other by needle punching, and the 
bonded nonwoven fabrics were produced to have a uniform weight of 1200 g/m 2 ± 5% 
and were comparatively analyzed for physical properties according to the components 
and contents of the outer layers and the core layer. From the produced nonwoven 
fabrics, automotive headliner boards having a thickness of 6.5 ± 0.3 mm were man- 
ufactured in a continuous composite board manufacturing apparatus at a speed of 6 m/ 
min. The internal structure of the continuous composite board manufacturing apparatus 
consisted of a preheating unit, a melt pressing/expanding unit, a cooling unit and a 
cutting unit. The preheating unit was maintained at a temperature of 1 70 °C, the melt 
pressing/expanding unit consisted of four zones maintained at a temperature of 
200-240 °C, and the cooling unit consisted of two zones automatically controlled to 60 
°C and 30 °C, respectively. The manufactured headliner boards were thermally molded 
to have a thickness of 6 mm through a stamping process, thus manufacturing 
headliners. 

[53] Test ,condi tions .(Beam ,Sag_test .and.environmental test) 

[54] Because of the characteristic of a headliner that is horizontally fixed to the interior 

ceiling of an automobile, the physical properties thereof and the sag properties in an 
environmental test thereof can be considered as important items for evaluating the 
product. 

[55] (1) To examine sag results for automotive headliner samples according to the 

present invention, the OHS 005 test method was used. Specifically, an automotive 
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headliner sample having a size of 7.6 cm x 30.5 cm was fixed at a location 2.54 cm 
below the top and 28 cm above the bottom by means of binder clips and changes 
thereof were recorded for a total of 24 hours in the following conditions, and the 
recorded values were averaged. 

1) The sample was heated for 2.5 hours and then set at 85 °C for 5.5 hours. 

2) The sample was cooled for 2.5 hours and then set at 30 °C for 5.5 hours. 

3) The sample was heated for 2.5 hours and then set at 38 °C and 95% humidity for 
5.5 hours. 

This test is an environmental rest conducted according to standard test conditions of 
North America automobile manufacturers. Regarding acceptable standards for sag, one 
having a value of less than 10 mm is generally considered an optimal product. 

(2) In order to examine the physical properties of the automotive headliner samples 
according to the present invention, the samples were measured for strength, stiffness, 
toughness and the like according to the OHS 028 test method, known as an important 
evaluation method for automotive headliners, and were comparatively evaluated. 

Sag results for the inventive samples and test results for the physical properties, 
such as strength, stiffness and toughness, of the samples, obtained through the above 
two test methods, are shown in Table l . 

Table 1 



Test 


CH-PET Content 


in Layers 


Mechanical 


Property(Flexural) 


Sag 


Ex. 


Outer Layers Core Layer 


Strength 


Stiffness 


Toughness 


(mm) 




(wt%) 


(wt%) 


(N) 


(N/mm) 


(%) 


1 


20 


30 


35.5 


3.7 


100.3 


17.5 


2 


20 


40 


37.1 


4.8 


98.1 


7.4 


3 


20 


50 


36.3 


4.5 


105.3 


8.1 


4 


20 


60 


33.4 


4.3 


109.8 


9.4 


5 


50 


20 


38.7 


4.9 


95.4 


12,5 


6 


50 


30 


39.6 


5.2 


97.4 


9.7 


7 


50 


40 


36.2 


4.5 


96.1 


9.1 



As can be seen in Table 1 above, in the case where the weight ratio of CoPET/PET 
CH-PET in the outer layer was 80/20 and the weight ratio of CoPET/PET : CH-PET in 
the core layer was 60/40 (test example 2), the case where the weight ratio of CoPET/ 
PET : CH-PET in the outer layer was 80/20 and the weight ratio of CoPET/PET : CH- 
PET in the core layer was 50/50 (test example 3), the case where the weight ratio of 
CoPET/PET : CH-PET in the outer layer was 50/50 and the weight ratio of CoPET/ 
PET : CH-PET in the core layer was 70/30 (test example 6), and the case where the 
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weight ratio of CoPET/PET : CH-PET in the outer layer was 50/50 and the weight 
ratio of CoPET/PET : CH-PET in the core layer was 60/40 (test example 7), the 
automotive headliners according to the present invention showed a strength of more 
than 35 N, a stiffness of more than 4.0 N/mm, a toughness of more than 95% and a sag 
of less than 10 mm, indicating excellent physical properties and sag properties. 
Example 2 

This Example relates to a headliner having a three-layer structure consisting of 
outer layers and a core layer. The outer layers were each made of sheath-core bi- 
component fiber (CoPET/PET; LM; commercially available from Huvis Corporation) 
as a base fiber and conjugate hollow PET fiber (CH-PET) (commercially available 
from Huvis Corporation) as a reinforcing fiber, and the weight ratio of the base fiber : 
the reinforcing fiber was 70/30. The core layer was made of sheath-core bicomponent 
fiber (CoPET/PET; LM; commercially available from Huvis Corporation) as a base 
fiber and conjugate hollow PET fiber (CH-PET) (commercially available from Huvis 
Corporation) as a reinforcing fiber. The weight ratio of the base fiber : the reinforcing 
fiber in the core layer was 60/40. 

The outer layers and the core layer were bonded to each other by needle punching, 
and the bonded nonwoven fabrics were produced to have weights of 907, 1054, 1213, 
1305 and 1416 g/m 2 ± 5% in order to comparatively analyze physical properties 
according to the weights of the nonwoven fabrics. 

Molding into composite boards and headliners were performed in the same 
conditions as those of the method described in Example 1 . The automotive headliners 
according to the present invention had the same thickness of 6 mm and various weights 
as described above. 

Also, the test samples according to the present invention were measured for sag and 
physical properties, such as strength, stiffness and toughness, in the same test 
conditions as described in Example 1 . The measurement results are shown in Table 2 
below. 

Table 2 
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Test 
Ex. 


Actual Weight of 


Mechanical Property(Flexural) 




Non-woven 


QtTf»noth 

O LI CllglU 


oiiiiness 


Toughness 

so/ \ 

(%) 


Sae 
(mm) 


i 
i 


ysJ / 


23.4 


2.3 


98.6 


10.0 


2 


1054 


28.3 


3.7 


1 10.4 


Q "7 

y. 1 


3 


1213 


37.1 


4.8 


98.1 


1A 


4 


1305 


40.7 


5.7 


95.4 


8.1 


5 


1416 


44.5 


6.4 


93.2 


9.2 



[70] As can be seen in Table 2, as the weight of the headliners according to the present 

invention was increased, the strength and stiffness thereof were increased, whereas the 
toughness was insignificantly decreased. Also, the sag was the lowest at a weight of 
1213 g/m 2 (test example 3), and when the weight of the samples was increased (test 
examples 4 and 5) or decreased (test examples 1 and 2), the sag was then higher than 
that at a weight of 1213 g/m 2 (test example 3). 

[71] Example _3_ 

[72] This Example relates to a headliner having a three-layer structure consisting of a 

core layer and outer layers. The outer layers were each made of sheath-core bi- 
component fiber (CoPET/PET; LM; commercially available from Huvis Corporation) 
as a base fiber and conjugate hollow PET fiber (CH-PET; commercially available from 
Huvis Corporation) as a reinforcing fiber, and the weight ratio of the base fiber : the re" 1 
inforcing fiber was 80/20. The core layer was made of sheath-core bicomponent fiber 
(CoPET/PET; LM; commercially available from Huvis Corporation) as a base fiber 
and conjugate hollow PET fiber (CH-PET; commercially available from Huvis 
Corporation) as a reinforcing fiber. The weight ratio of the base fiber : the reinforcing 
fiber in the core layer was 60/40. 

[73] The outer layers and the core layer were bonded to each other by needle punching, 

and the bonded nonwoven fabrics were produced with a weight of 1217 g/m\ From the 
nonwoven fabrics, composite boards for headliners, having a thickness of 8. 5 mm, 
were produced in the same conditions as in Example 1 and molded into automotive 
headliners in molds having various gaps of 3, 4, 5, 6, 7 and 8 mm. 

[74] Also, sag and physical properties, such as strength, stiffness and toughness, 

according to the thickness of the test samples, were measured in the same manner as in 
Example 1 . The measurement results are shown in Table 3 below. 

[75] Table 3 
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Test 
Ex. 


Thickness 
(mm) 


Mechanical Property 
Strength Stiffness Toughness 

(N) (N/ram) (%) 


Sag 
(mm) 


1 


3 


23.4 


2.1 


112.2 


23.1 


2 


4 


28.3 


3.5 


105.4 


12.0 


•j 


c 

J 


34.1 


4.8 


95.1 


8.3 


4 


6 


38.7 


5.7 


98.4 


7.6 


5 


7 


34.7 


5.4 


93.5 


9.6 


6 


8 


33.4 


4.4 


90.5 


10.0 



[76] As can be seen in Table 3, the headliners according to the present invention showed 

the highest strength and stiffness and the lowest sag at a thickness of 6 mm (test 
example 4). Particularly, as the thickness of the headliners was decreased, the strength 
decreased and the sag phenomenon was evident. 

[77] Example _4 

[78] This example relates to a headliner having a three-layer structure consisting of a 

core layer and outer layers. 

[79] The outer layers were each made of sheath-core bicomponent fiber (CoPET/PET; 

LM; commercially available from Huvis Corporation) as a base fiber and conjugate 
hollow PET fiber (CH-PET; commercially available from Huvis Corporation) as a re" 
inforcing fiber, and the weight ratio of the base fiber : the reinforcing fiber was 70/30. 
The core layer was made of sheath-core bicomponent fiber (CoPET/PET; LM; com" 
mercially available from Huvis Corporation) as a base fiber and a blend of conjugate 
hollow PET fiber (CH-PET; commercially available from Huvis Corporation) and 
natural fiber jute as a reinforcing fiber. The weight ratio of the base fiber : the re" 1 
inforcing fiber in the core layer was 50/50. The content of the natural fiber jute was 
changed within the range of 50 wt% of the reinforcing fiber in the core layer. 

[80] The outer layers and the core layer were bonded to each other by needle punching, 

and the bonded nonwoven fabrics were produced with a weight of 1200 g/m ± 5%. 
From the nonwoven fabrics, composite boards for headliners were produced, and 
molding into composite boards and headliners was performed in the same conditions as 
in Example 1 . 

[81] Also, sag and physical properties, such as strength, stiffness and toughness, 

according to the thickness of the test samples, were measured in the same manner as in 
Example 1 . The measurement results are shown in Table 4 below. 

[82] Table 4 
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Test 
Ex. 


Jute content 




Mechanical Property 


Sag 
(mm) 


jj] v^orc leaver 
(wt%) 


Strength 
(N) 


Stiffness 
(N/mm) 


Toughness 
(%) 


1 


10 


37.4 


4.6 


102.4 


8.7 


2 


20 


40.1 


4.9 


98.5 


8.4 


3 


30 


42.3 


5.3 


95.2 


6.7 


4 


40 


36.3 


5.5 


90.4 


4.6 


5 


50 


32.4 


5.6 


87.5 


5.4 



[83] As can be seen in Table 4, the strength and stiffness of the automotive headliners 

according to the present invention increased with an increase in the content of natural 
fiber in the core layer, Also, the toughness thereof was clearly deteriorated with an 
increase in the content of natural fiber, however, sag was decreased with an increase in 
the content of natural fiber. 

[84] Example 5 

[85] This Example relates to headliners having a five-layer structure consisting of an in- 

termediate core layer 2, lower and upper core layers 1 and 3, and outer layers. The 
outer layers were each made of sheath-core bicomponent fiber (CoPET/PET; LM; 
commercially available from Huvis Corporation) as a base fiber and conjugate hollow 
PET fiber (CH-PET; commercially available from Huvis Corporation) as a reinforcing 
fiber, and the weight ratio of the base fiber : the reinforcing fiber was 90/10. The core 
layers were made of sheath-core bicomponent fiber (CoPET/PET; LM; commercially 
available from Huvis Corporation) as a base fiber and conjugate hollow PET fiber 
(CH-PET; commercially available from Huvis Corporation) or natural fiber jute as a 
reinforcing fiber. The weight ratio of the base fiber : the reinforcing fiber in the in- 
termediate core layer was 50/50, and the weight ratio of the base fiber : the reinforcing 
fiber in the upper core layer and the lower core layer was 65/35. 

[86] The outer layers and the core layer were bonded to each other by needle punching, 

and bonded nonwoven fabrics were produced with a weight of 1200 g/m 2 ± 5%. From 
the nonwoven fabrics, headliners were designed to have a five-layer structure for more 
improving the physical properties thereof in order to analyze physical properties 
according to the kind of natural fiber. Molding into composite boards and headliners 
was performed in the same conditions as in Example 1 . 

[87] Also, sag properties and physical properties, such as strength, stiffness and 

toughness, according to the thickness of the test samples, were measured in the same 
manner as in Example 1 . The measurement results are shown in Table 5 below. 

[88] Table 5 
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Test 


Composition of Core Layers 
(wt/wt%) 


Mechanical Property 


Sag 


Ex. 


Siibcore 


Subcore 


Strength 


Stiffness 


Toughness 


(mm) 




Layer 2. 


Layer 1 ,3 


(N) 


(N/mm) 






1 


LM/CH-PET 
=50/50 


LM/CH-PET 
=65/35 


38.6 


4.8 


101 .5 


8.5 


2 


LM/Jute 
=50/50 


LM/CH-PET 
=65/35 


40.2 


5.9 


98.7 


5.6 


3 


LM/Jute 
=50/50 


LM/Jute 
=65/35 


38.5 


6.1 


96.2 


4.3 


4 


LM/Kenaf 
=50/50 


LM/Kenaf 
=65/35 


41.5 


6.3 


95.8 


4.1 


5 


LM/Abaca 
=50/50 


LM/Abaca 
=65/35 


44.7 


6.5 


95.5 


4.1 



[89] As can be seen in Table 5, the headliners having a five-layer structure according to 

this Example had excellent strength and stiffness, compared to the three-layer 
headliners of Examples 1,2 3 and 4. Particularly, the sag of the five-layer headliners 
was clearly reduced compared to the three-layer headliners of Examples 1, 2, 3 and 4, 
and the case of using abaca fiber as natural fiber had the best physical properties 
(strength, stiffness and toughness) and sag properties. 

[90] Example 6 

[91] This Example relates to headliners having a five-layer structure consisting of a core 

layer, outer layers, and scrim layers made of a polyester spunbonded scrim adhered to 
the surfaces of outer layers, the polyester spunbonded scrim having a weight of 45 g/m 
2 . The outer layers were each made of sheath-core bicomponent fiber (CoPET/PET; 
LM; commercially available from Huvis Corporation) as a base fiber and conjugate 
hollow PET fiber (CH-PET; commercially available from Huvis Corporation) as a re- 
inforcing fiber, and the weight ratio of the base fiber : the reinforcing fiber in the outer 
layers was 80/20. The core layer was made of sheath-core bicomponent fiber 
(CoPET/PET; LM; commercially available from Huvis Corporation) as a base fiber 
and a blend of conjugate hollow PET fiber (CH-PET; commercially available from 
Huvis Corporation) and natural fiber jute as a reinforcing fiber. The weight ratio of the 
base fiber : the reinforcing fiber in the core layer was 50/50. The outer layers and the 
core layer were bonded to each other by needle punching, and the bonded nonwoven 
fabrics were produced with a weight of 1200 g/m 2 ± 5%. The polyester spunbonded 
scrim was adhered to the exposed surfaces of the outer layers in the nonwoven fabrics 
in order to comparatively analyze physical properties in relation to finishing with the 
polyester spunbonded scrim. Molding into composite boards and headliners was 
performed in the same conditions as in Example 1 . 
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[92] Also, sag properties and physical properties, such as strength, stiffness and 

toughness, according to the thickness of the test samples, were measured in the same 
manner as in Example 1 . The measurement results are shown in Table 6 below. 

[93] Table 6 



Test 


Composition of Core Layers 
(wt/wt%) 


Mechanical Property 


Sag 


Ex. 


Core Layer 


Outer Layers 


Strength 
(N) 


Stiffness Toughness 
(N/mm) (%) 


(mm) 


1 


LM/CH-PET 
=50/50 


LM/CH-PET 
=80/20 


40.1 


5.8 98.5 


6.7 


2 


LM/Jute 
=50/50 


LM/CH-PET 
=80/20 


42.3 


6.4 95.7 


4.8 


3 


LM/Jute 
=50/50 


LM/Jute 
=80/20 


41.4 


6.5 91.2 


4.1 



[94] As can be seen in Table 6, finishing the exposed surfaces of the outer surfaces in the 

headliners with the PET spunbonded scrim showed effects of improving the 
appearance quality, sound absorption and physical properties (strength, stiffness and 
toughness) and of reducing sag in the environmental test. 
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Claims 

[1] *A multilayer automotive headliner comprising : 

a core layer 2 integrally made of a blend of 40-60 wt% sheath-core bicomponent 
fiber, composed of a high-melting-point core component and a low-melting-point 
sheath component, with 40-60 wt% functional thermoplastic organic fiber or 
natural fiber; and 

an outer layer 1 or 1-1 adhered to at least one surface of the core layer 2 and 
integrally made of either sheath-core bicomponent fiber alone or a blend of 
70-90 wt% sheath-core bicomponent fiber with 10-30 wt% functional ther- 
moplastic organic fiber or natural fiber. 
[2] A multilayer automotive headliner comprising: 

a core layer 20 integrally made of a blend of 60-80 wt% sheath-core bi- 
component fiber, composed of a high-melting-point core component and a low- 
melting-point sheath component, with 20-40 wt% functional thermoplastic 
organic fiber or natural fiber; and 

an outer layer 10 or 10-1 adhered to at least one surface of the core layer 20 and 
integrally made of a blend of 50-60 wt% sheath-core bicomponent fiber and 
40-50 wt% functional organic fiber or natural fiber. 
[3] A multilayer automotive headliner comprising: 

an intermediate core layer 5 integrally made of a blend of 40-60 wt% sheath-core 
bicomponent fiber, composed of a high-melting-point core component and a low- 
melting-point sheath component, with 40-60 wt% functional thermoplastic 
organic fiber or natural fiber; 

an upper core layer 4 and lower core layer 4-1 adhered to both surfaces of the in- 
termediate core layer 5, respectively, and each integrally made of a blend of 
60-70 wt% sheath-core bicomponent fiber with 30-40 wt% functional ther- 
moplastic organic fiber or natural fiber; and 

outer layers 3 and 3-1 which are adhered to the surfaces of the upper core layer 4 
and the lower core layer 4-1, respectively, other than the surfaces adhered to both 
surfaces of the intermediate core layer 5, and which are each integrally made of 
either the sheath-core fiber alone or a blend of 70-90 wt% sheath-core bi- 
component fiber with 10-30 wt% functional thermoplastic fiber or natural fiber. 
[4] A multilayer automotive headliner comprising: 

an intermediate core layer 50 integrally made of a blend of 60-80 wt% sheath- 
core bicomponent fiber, composed of a high-melting-point core component and a 
low-melting-point sheath component, with 20-40 wt% functional thermoplastic 
organic fiber or natural fiber; 
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an upper core layer 40 and lower core layer 40-1 adhered to both surfaces of the 
intermediate core layer 50, respectively, and each integrally made of 60-70 wt% 
sheath-core bicomponent fiber and 30-40 wt% functional thermoplastic organic 
fiber or natural fiber; and 

outer layers 30 and 30-1 which are adhered to surfaces of the upper core layer 40 
and the lower core layer 40- 1 , respectively, other than surfaces adhered to both 
surfaces of the intermediate core layer 50, and which are each integrally made of 
a blend of 50-60 wt% sheath-core bicomponent fiber with 40-50 wt% functional 
thermoplastic fiber or natural fiber. 
[5] A multilayer automotive headliner comprising: 

a core layer 2 integrally made of a blend of 40-60 wt% sheath-core bicomponent 
fiber, composed of a high-melting-point core component and a low-melting-point 
sheath component, with 40-60 wt% functional thermoplastic organic fiber or 
natural fiber; and 

a scrim layer 6 or 6-1 adhered to at least one surface and made of a polyester 
(PET) spunbonded scrim 6 or 6-1 having a weight of 20-80 g/m 2 . 
[6] A multilayer automotive headliner comprising: 

a core layer 20 integrally made of a blend of 60-80 wt% sheath-core bi- 
component fiber, composed of a high-melting-point core component and a low- 
melting-point sheath component, with 20-40 wt% functional thermoplastic 
organic fiber or natural fiber; and 

a scrim layer 60 or 60-1 adhered to at least one surface and integrally made of a 
polyester(PET) spunbonded scrim having a weight of 20-80 g/m 2 . 
[7] A multilayer automotive headliner comprising: 

a core layer 2 integrally made of a blend of 40-60 wt% sheath-core bicomponent 
fiber, composed of a high-melting-point core component and a low-melting-point 
sheath component, with 40-60 wt% functional thermoplastic organic fiber or 
natural fiber; 

outer layers 1 or 1-1 adhered to both surfaces of the core layer 2, respectively, 
and each integrally made of either sheath-core bicomponent fiber alone or a 
blend of 70-90 wt% sheath-core bicomponent fiber with 10-30 wt% functional 
thermoplastic organic fiber or natural fiber; and 

scrim layers 7 and 7-1 which are adhered to surfaces of the outer layers 1 and 
1-1, respectively, other than surfaces adhered to both surfaces of the core layer 2, 
and are each integrally made of a polyester(PET) spunbonded scrim having a 
weight of 20-80 g/cm 2 . 
[8] A multilayer automotive headliner comprising: 

a core layer 20 integrally made of a blend of 60-80 wt% sheath-core bi- 
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component fiber, composed of a high-melting-point core component and a low- 
melting-point sheath component, with 20-40 wt% functional thermoplastic 
organic fiber or natural fiber; 

outer layers 10 and 10-1 adhered to both surfaces of the core layer 20 and each 
integrally made of a blend of 50-60 wt% sheath-core bicomponent fiber with 
40-50 wt% functional organic fiber or natural fiber; and 

scrim layers 70 and 70-1 which are adhered to surfaces of the outer layers 10 and 
10-1, respectively, other than surfaces adhered to both surfaces of the core layer 
20, and are each integrally made of a polyester(PET) spunbonded scrim having a 
weight of 20-80 g/cm 2 . 

[9] The multilayer automotive headliners of any one of Claims 1 to 8, wherein the 

sheath-core bicomponent fiber is composed of 50-70 vol% of a high- 
melting-point core component and 30-50 vol% of a low-melting-point sheath 
component and is any one selected from the group consisting of a bicomponent 
fiber composed of polyester copolymer (CoPET) as the sheath component and 
polyester as the core component, a bicomponent fiber composed of polyester 
glycol as the sheath component and polyester as the core component, a bi- 
component fiber composed of high-density polyethylene as the sheath 
component and polyester as the core component, a bicomponent fiber composed 
of high-density polyethylene as the sheath component and polypropylene as the 
core component, and a bicomponent fiber composed of polypropylene as the 
sheath component and polyester as the core component. 

[10] The multilayer automotive headliner of Claim 9, wherein the sheath component 

has a melting point of 1 10-180 °C, and the core component has a melting point of 
240-270 °C, and thus upon the manufacture of the composite sheet using pressing 
at high temperature, the sheath component is melted and bonded with the 
functional thermoplastic organic fiber. 

[11] The multilayer automotive headliner of any one of Claims 1 to 8, wherein the 

functional thermoplastic fiber is any one selected from the group consisting of 
conjugate polyester, conjugate hollow polyester, hollow polyester, and double- 
crimped fibers. 

[12] The multilayer automotive headliner of any one of Claims 1 to 8, wherein the 

natural fiber is any one selected from the group consisting of hemp, jute, flax, 
kenaf, abaca and banana fibers. 
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[Fig. 9] 
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Test 
Ex. 


Jute Content 
in Core Layer 

^ vv I /O) 


(N) 


Mechanical Property 

Stiffness Toughness 
(N/mm) (%) 


Sag 
(mm) 


1 


10 


37.4 


4.6 


102.4 


8.7 


2 


20 


40.1 


4.9 


98.5 


8.4 


3 


30 


42.3 


5.3 


95.2 


6.7 


4 


40 


36.3 


5.5 


90.4 


4.6 


5 


50 


32.4 


5.6 


87.5 


5.4 



[83] As can be seen in Table 4, the strength and stiffness of the automotive headliners 

according to the present invention increased with an increase in the content of natural 
fiber in the core layer. Also, the toughness thereof was clearly deteriorated with an 
increase in the content of natural fiber, however, sag was decreased with an increase in 
the content of natural fiber. 

[84] Example 5 

[85] This Example relates to headliners having a five-layer structure consisting of an in- 

termediate core layer 2, lower and upper core layers 1 and 3, and outer layers. The 
outer layers were each made of sheath-core bicomponent fiber (CoPET/PET; LM; 
commercially available from Huvis Corporation) as a base fiber and conjugate hollow 
PET fiber (CH-PET; commercially available from Huvis Corporation) as a reinforcing 
fiber, and the weight ratio of the base fiber : the reinforcing fiber was 90/10. The core 
layers were made of sheath-core bicomponent fiber (CoPET/PET; LM; commercially 
available from Huvis Corporation) as a base fiber and conjugate hollow PET fiber 
(CH-PET; commercially available from Huvis Corporation) or natural fiber jute as a 
reinforcing fiber. The weight ratio of the base fiber : the reinforcing fiber in the in- 
termediate core layer was 50/50, and the weight ratio of the base fiber : the reinforcing 
fiber in the upper core layer and the lower core layer was 65/35. 

[86] The outer layers and the core layer were bonded to each other by needle punching, 

and bonded nonwoven fabrics were produced with a weight of 1200 g/m 2 ± 5%. From 
the nonwoven fabrics, headliners were designed to have a five-layer structure for more 
improving the physical properties thereof in order to analyze physical properties 
according to the kind of natural fiber. Molding into composite boards and headliners 
was performed in the same conditions as in Example 1 . 

[87] Also, sag properties and physical properties, such as strength, stiffness and 

toughness, according to the thickness of the test samples, were measured in the same 
manner as in Example 1 . The measurement results are shown in Table 5 below. 

[88] Table 5 
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Test 


Composition of Core Layers 
(wt/wt%) 


Mechanical Property 


Sag 


Ex. 


Siibcore 


Subcore 


Strength 


Stiffness 


Toughness 


(mm) 




Layer 2 


Layer 1 ,3 


(N) 


(N/mm) 


(%) 




1 


LM/CH-PET 
=50/50 


LM/CH-PET 
=65/35 


38.6 


4.8 


101 .5 


8.5 


2 


LM/Jute 
=50/50 


LM/CH-PET 
=65/35 


40.2 


5.9 


98.7 


5.6 


3 


LM/Jute 
=50/50 


LM/Jute 
=65/35 


38.5 


6.1 


96.2 


4.3 


4 


LM/Kenaf 
=50/50 


LM/Kenaf 
=65/35 


41.5 


6.3 


95.8 


4.1 


5 


LM/Abaca 
=50/50 


LM/Abaca 
=65/35 


44.7 


6.5 


95.5 


4.1 



[89] As can be seen in Table 5, the headliners having a five-layer structure according to 

this Example had excellent strength and stiffness, compared to the three-layer 
headliners of Examples 1,2 3 and 4. Particularly, the sag of the five-layer headliners 
was clearly reduced compared to the three-layer headliners of Examples 1, 2, 3 and 4, 
and the case of using abaca fiber as natural fiber had the best physical properties 
(strength, stiffness and toughness) and sag properties. 

[90] Example 6 

[91] This Example relates to headliners having a five-layer structure consisting of a core 

layer, outer layers, and scrim layers made of a polyester spunbonded scrim adhered to 
the surfaces of outer layers, the polyester spunbonded scrim having a weight of 45 g/m 
2 . The outer layers were each made of sheath-core bicomponent fiber (CoPET/PET; 
LM; commercially available from Huvis Corporation) as a base fiber and conjugate 
hollow PET fiber (CH-PET; commercially available from Huvis Corporation) as a re- 
inforcing fiber, and the weight ratio of the base fiber : the reinforcing fiber in the outer 
layers was 80/20. The core layer was made of sheath-core bicomponent fiber 
(CoPET/PET; LM; commercially available from Huvis Corporation) as a base fiber 
and a blend of conjugate hollow PET fiber (CH-PET; commercially available from 
Huvis Corporation) and natural fiber jute as a reinforcing fiber. The weight ratio of the 
base fiber : the reinforcing fiber in the core layer was 50/50. The outer layers and the 
core layer were bonded to each other by needle punching, and the bonded nonwoven 
fabrics were produced with a weight of 1200 g/m 2 ± 5%. The polyester spunbonded 
scrim was adhered to the exposed surfaces of the outer layers in the nonwoven fabrics 
in order to comparatively analyze physical properties in relation to finishing with the 
polyester spunbonded scrim. Molding into composite boards and headliners was 
performed in the same conditions as in Example 1 . 
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[92] Also, sag properties and physical properties, such as strength, stiffness and 

toughness, according to the thickness of the test samples, were measured in the same 
manner as in Example 1 . The measurement results are shown in Table 6 below. 

[93] Table 6 



Test 


Composition of Core Layers 
(wt/wt%) 


Mechanical Property 


Sag 


Ex. 


Core Layer 


Outer Layers 


Strength 
(N) 


Stiffness 
(N/mm) 


Toughness 
(%) 


(mm) 


1 


LM/CH-PET 
=50/50 


LM/CH-PET 
=80/20 


40.1 


5.8 


98.5 


6.7 


2 


LM/Jute 
=50/50 


LM/CH-PET 
=80/20 


42.3 


6.4 


95.7 


4.8 


3 


LM/Jute 
=50/50 


LM/Jute 
=80/20 


41.4 


6.5 


91.2 


4.1 



[94] As can be seen in Table 6, finishing the exposed surfaces of the outer surfaces in the 

headliners with the PET spunbonded scrim showed effects of improving the 
appearance quality, sound absorption and physical properties (strength, stiffness and 
toughness) and of reducing sag in the environmental test. 
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Claims 

[1] *A multilayer automotive headliner comprising : 

a core layer 2 integrally made of a blend of 40-60 wt% sheath-core bicomponent 
fiber, composed of a high-melting-point core component and a low-melting-point 
sheath component, with 40-60 wt% functional thermoplastic organic fiber or 
natural fiber; and 

an outer layer 1 or 1-1 adhered to at least one surface of the core layer 2 and 
integrally made of either sheath-core bicomponent fiber alone or a blend of 
70-90 wt% sheath-core bicomponent fiber with 10-30 wt% functional ther- 
moplastic organic fiber or natural fiber. 
[2] A multilayer automotive headliner comprising: 

a core layer 20 integrally made of a blend of 60-80 wt% sheath-core bi- 
component fiber, composed of a high-melting-point core component and a low- 
melting-point sheath. component, with 20-40 wt% functional thermoplastic 
organic fiber or natural fiber; and 

an outer layer 10 or 10-1 adhered to at least one surface of the core layer 20 and 
integrally made of a blend of 50-60 wt% sheath-core bicomponent fiber and 
40-50 wt% functional organic fiber or natural fiber. 
[3] A multilayer automotive headliner comprising: 

an intermediate core layer 5 integrally made of a blend of 40-60 wt% sheath-core 
bicomponent fiber, composed of a high-melting-point core component and a low- 
melting-point sheath component, with 40-60 wt% functional thermoplastic 
organic fiber or natural fiber; 

an upper core layer 4 and lower core layer 4-1 adhered to both surfaces of the in- 
termediate core layer 5, respectively, and each integrally made of a blend of 
60-70 wt% sheath-core bicomponent fiber with 30-40 wt% functional ther- 
moplastic organic fiber or natural fiber; and 

outer layers 3 and 3-1 which are adhered to the surfaces of the upper core layer 4 
and the lower core layer 4-1, respectively, other than the surfaces adhered to both 
surfaces of the intermediate core layer 5 , and which are each integrally made of 
either the sheath-core fiber alone or a blend of 70-90 wt% sheath-core bi- 
component fiber with 10-30 wt% functional thermoplastic fiber or natural fiber. 
[4] A multilayer automotive headliner comprising: 

an intermediate core layer 50 integrally made of a blend of 60-80 wt% sheath- 
core bicomponent fiber, composed of a high-melting-point core component and a 
low-melting-point sheath component, with 20-40 wt% functional thermoplastic 
organic fiber or natural fiber; 
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an upper core layer 40 and lower core layer 40-1 adhered to both surfaces of the 
intermediate core layer 50, respectively, and each integrally made of 60-70 wt% 
sheath-core bicomponent fiber and 30-40 wt% functional thermoplastic organic 
fiber or natural fiber; and 

outer layers 30 and 30-1 which are adhered to surfaces of the upper core layer 40 
and the lower core layer 40-1, respectively, other than surfaces adhered to both 
surfaces of the intermediate core layer 50, and which are each integrally made of 
a blend of 50-60 wt% sheath-core bicomponent fiber with 40-50 wt% functional 
thermoplastic fiber or natural fiber. 
[5] A multilayer automotive headliner comprising: 

a core layer 2 integrally made of a blend of 40-60 wt% sheath-core bicomponent 
fiber, composed of a high-melting-point core component and a low-melting-point 
sheath component, with 40-60 wt% functional thermoplastic organic fiber or 
natural fiber; and 

a scrim layer 6 or 6-1 adhered to at least one surface and made of a polyester 
(PET) spunbonded scrim 6 or 6-1 having a weight of 20-80 g/m\ 
[6] A multilayer automotive headliner comprising: 

a core layer 20 integrally made of a blend of 60-80 wt% sheath-core bi- 
component fiber, composed of a high-melting-point core component and a low- 
melting-point sheath component, with 20-40 wt% functional thermoplastic 
organic fiber or natural fiber; and 

a scrim layer 60 or 60-1 adhered to at least one surface and integrally made of a 
polyester(PET) spunbonded scrim having a weight of 20-80 g/m 2 . 
[7] A multilayer automotive headliner comprising: 

a core layer 2 integrally made of a blend of 40-60 wt% sheath-core bicomponent 
fiber, composed of a high-melting-point core component and a low-melting-point 
sheath component, with 40-60 wt% functional thermoplastic organic fiber or 
natural fiber; 

outer layers 1 or 1-1 adhered to both surfaces of the core layer 2, respectively, 
and each integrally made of either sheath-core bicomponent fiber alone or a 
blend of 70-90 wt% sheath-core bicomponent fiber with 10-30 wt% functional 
thermoplastic organic fiber or natural fiber; and 

scrim layers 7 and 7-1 which are adhered to surfaces of the outer layers 1 and 
1-1, respectively, other than surfaces adhered to both surfaces of the core layer 2, 
and are each integrally made of a polyester(PET) spunbonded scrim having a 
weight of 20-80 g/cm 2 . 
[8] A multilayer automotive headliner comprising: 

a core layer 20 integrally made of a blend of 60-80 wt% sheath-core bi- 
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component fiber, composed of a high-melting-point core component and a low- 
melting-point sheath component, with 20-40 wt% functional thermoplastic 
organic fiber or natural fiber; 

outer layers 10 and 10-1 adhered to both surfaces of the core layer 20 and each 
integrally made of a blend of 50-60 wt% sheath-core bicomponent fiber with 
40-50 wt% functional organic fiber or natural fiber; and 

scrim layers 70 and 70-1 which are adhered to surfaces of the outer layers 10 and 
10-1, respectively, other than surfaces adhered to both surfaces of the core layer 
20, and are each integrally made of a polyester(PET) spunbonded scrim having a 
weight of 20-80 g/cm 2 . 

[9] The multilayer automotive headliners of any one of Claims 1 to 8, wherein the 

sheath-core bicomponent fiber is composed of 50-70 vol% of a high- 
melting-point core component and 30-50 vol% of a low-melting-point sheath 
component and is any one selected from the group consisting of a bicomponent 
fiber composed of polyester copolymer (CoPET) as the sheath component and 
polyester as the core component, a bicomponent fiber composed of polyester 
glycol as the sheath component and polyester as the core component, a bi- 
component fiber composed of high-density polyethylene as the sheath 
component and polyester as the core component, a bicomponent fiber composed 
of high-density polyethylene as the sheath component and polypropylene as the 
core component, and a bicomponent fiber composed of polypropylene as the 
sheath component and polyester as the core component. 

[10] The multilayer automotive headliner of Claim 9, wherein the sheath component 

has a melting point of 1 10-180 °C, and the core component has a melting point of 
240-270 °C, and thus upon the manufacture of the composite sheet using pressing 
at high temperature, the sheath component is melted and bonded with the 
functional thermoplastic organic fiber. 

[11] The multilayer automotive headliner of any one of Claims 1 to 8, wherein the 

functional thermoplastic fiber is any one selected from the group consisting of 
conjugate polyester, conjugate hollow polyester, hollow polyester, and double- 
crimped fibers. 

[12] The multilayer automotive headliner of any one of Claims 1 to 8, wherein the 

natural fiber is any one selected from the group consisting of hemp, jute, flax, 
kenaf, abaca and banana fibers. 
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[Fig. 5] 
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